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the hair cells which are situated
respectively at the base and apex
of the cochlea.

The back part of the membran-
ous labyrinth consists of three
semicircular tubes, the semicirc-
ular canals, which contain certain
of the organs of balance. Disease
of the internal ear may, for this
reason, cause giddiness or loss of
balance as well as, or instead of,
deafness.

The entire membranous laby-
rinth is filled with a special fluid,
the endolymph, which appears to
be responsible for maintaining the
nutrition of Corti's organ.

CAUSES OF DEAFNESS. Deafness
is commonly due to accumulation
of wax in the external auditory
meatus, Apart from this, the
causes of deafness are of two kinds,
injuries and diseases. Injury may
be done to the ear drum membrane
by a box on the ear, by unskilled
syringing of the ear, or by the
blast waves of explosions. Intense
noise, of the kind still encountered
in noisy industries such as boiler
making, may overstimulate and
injure the sensory cells in the inner
ear. The inner ear or the nerve of
hearing may be injured by a frac-
ture of the skull.

Diseases of the ear may be in-
herited or acquired. In one well-
known variety of inherited disease,
otosclerosis, the stirrup bone be-
comes fixed by new bony forma-
tions, and is no longer able to
transmit sound vibrations to the
inner ear. In other and rarer types,
degeneration of the membranous
labyrinth and its sensory cells
occurs in early life.

Acquired diseases are far com-
moner, and of these the most im-
portant is otitis media or inflam-
mation of the middle ear, caused
nearly always by infections which
spread to the middle ear from the
nose and throat by way of the
Eustachian tube. It may be acute,
causing earache and fever, or
chronic and comparatively pain-
less. In either form, deafness may
be caused by damage to the ossicles
and ear drum membrane.

Severe deafness is caused by in-
flammation of the inner ear, result-
ing from the spread to it of infec-
tions from the middle ear or the
brain membranes, as may occur in
meningitis.

Infections may also be carried to
the inner ear by the blood stream.
Mumps and measles may cause
severe deafness in this way, while
German measles occurring during
" pregnancy may severely injure the
developing inner ear of the foetus,
causing severe deafness in infancy.

MEASUBEMENT OF DEAFNESS.
Deafness is commonly measured in
terms of the chief disability which
it causes, namely, inability to
understand the spoken voice.

The following is the Beasley
grading of social disability due to
deafness :

Grade I. Difficulty in hearing in
church or the theatre.

Grade II. Difficulty in hearing
ordinary (tete-a-tete) conversation.

Grade III. Difficulty in hearing
loud conversation, or in hearing on
the telephone with a good line.

The efficiency of the normal
hearing mechanism is far in excess
of that needed for the various re-
quirements specified in this grad-
ing. Deaf subjects, unfortunately,
tend to neglect their disability
until it has reached Grade II. It
follows that their deafness may
then be quite advanced, and the
disease which causes it no longer
amenable to treatment. The
recognition of early deafness is,
therefore, of great practical im-
portance. It can be so recognized
and measured with accuracy and
convenience by means of the pure
tone audiometer. This is an elec-
trical instrument whereby pure
tones, of the kind set up by vibrat-
ing tuning forks, are generated by
means of a valve oscillator and
telephone receiver. The frequency
of the vibrations usually covers
the range 250 to 8,000 cycles/sec.
and includes those frequencies
(500-3,000 cycles/sec.) which are
known to be of particular import-
ance for the understanding of
human speech.

The pure tone audiometer can be
accurately calibrated in terms of
the sound intensity required to be
just heard by. a subject with
normal hearing. This intensity
level is defined as the normal
threshold, and the extent to which
it needs to be raised for a deaf
subject thus gives a physical
measure of his deafness. The re-
sults of a pure tone audiometer

as        MO       JOO      1000    2000    4OOO   1000
FREQUENCY     CYCLES/SIC

Fig. 2,   Pure tone audiogram : the
line 0 represents normal hearing

test are inscribed upon a chart of
conventional form, and constitute
a pure tone audiogram. This is
shown in fig. 2.
The readings obtained with a
normal subject lie along the zero
level on the intensity scale. This
scale is marked in logarithmic units
called decibels, and readings of 10
20, 30, and 60 db. below the zero
level represent increases of sound
intensity of lOx, lOOx, l,000x, and
l,000,000x above the normal
threshold. Sound frequencies are
recorded along the base line of the
graph. The line enclosing the
speech area delimits the range of
frequencies and intensities which
make up the sounds of the ordinary
conversational voice at a range of
3 ft. It will be seen that their in-
tensities lie very much higher (50-
70 db.) than the normal threshold,
and that their frequencies are
centred upon the range 1,000 and
2,000 cycles/sec, extending to 500
and 3,000 cycles/sec.
The pure tone audiogram of a
deaf subject and its relationship to
the speech area thus provide an
approximate but useful guide to
his ability to understand speech, as
expressed simply in the following
table :
Pure tone loss        Loss of ability
(decibels)          to understand
at 1.000 and        conversational
2,000 cycles/sec.           voice
20                Negligible
40                Considerable
60                Severe
80                Complete
TREATMENT AND ALLEVIATION.
Deafness due to disorders of the
outer or middle ear is usually
amenable to treatment. Thus,
accumulation of wax in the exter-
nal auditory meatus can be re-
moved by syringing. Acute otitis
media usually responds well to
antibiotics, though it may some-
times be necessary to evacuate pus
from the middle ear by incision of
the ear drum membrane. Infection
in the nose and throat is an im-
portant cause of otitis media, and
may require for its elimination
removal of the tonsils and adenoids,
and drainage of pus from the nasal
sinuses.
Deafness due to otosclerosis or
bony fixation of the stirrup bone
can be relieved by the operation
of fenestration, whereby a new
opening is made in the bony wall
of the labyrinth, permitting sound
waves to reach the inner ear.
Diseases of the inner ear or nerve
of hearing usuaDy cause irrepar-
able damage, and no treatment can
be prescribed for the resultant
deafness.